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Abstrat. The angular momentum projeted Generator Coordinate Method, with the quadrupole moment
as olletive oordinate and the Gogny fore (D1S) as the eetive interation, is used to desribe the
properties of the ground state and low-lying exited states of the even-even Neon isotopes
20−34
Ne, that is,
from the stability valley up to the drip-line. It is found that the ground state of the N=20 nuleus
30
Ne is
deformed but to a lesser extent than the N=20 isotope of the Magnesium. In the alulations, the isotope
32
Ne is at the drip-line in good agreement with other theoretial preditions. On the other hand, rather
good agreement with experimental data for many observables is obtained.
PACS. 2 1.60.Jz, 21.60.-n, 21.10.Re, 21.10.Ky, 21.10.Dr, 27.30.+t
1 Introdution
The properties of the ground and lowest-lying exited states
of nulei lose to the stability valley are determined to a
great extent by the underlying mean eld in whih all the
nuleons move. The nulear mean eld, obtained through
the mean eld approximation to the nulear many body
problem, provides the important onepts of magi num-
bers (or shell losures) and that of spontaneous symmetry
breaking. For nulei with proton and/or neutron numbers
lose to the magi ones symmetry onserving (i.e. non su-
peronduting and spherial) ground states are expeted.
On the other hand, nulei away from the magi ongu-
rations are expeted to show strong symmetry breaking
at the mean eld level leading to deformed (and super-
onduting) ground states whih are the heads of bands
generated kinematially by restoring the broken symme-
tries -like the well known example of the rotational bands.
Almost thirty years ago, experimental evidenes were
found in the neutron-rih light nulei around
31
Na [1,2℄
pointing to the breaking of the N=20 magi number. The
rst attempt to understand the phenomenon from a theo-
retial point of view [3℄ suggested that orrelations beyond
mean eld oming from the restoration of the rotational
symmetry ould be strong enough as to overome the
mean eld shell eets and lead to deformed ground states
for losed shell nulei like
31
Na and
32
Mg. Further theo-
retial studies using the Shell Model (SM) approah were
arried out [4,5℄ and it was suggested that an intruder
onguration onsisting of a two partile two hole neu-
Correspondene to: Luis.Robledouam.es
tron exitation from the sd shell into the f7/2 one was the
responsible for deformation in the ground state of
32
Mg.
The reent availability of Radioative Ion Beam fa-
ilities in several laboratories like Ganil, GSI, MSU and
Riken to ite a few and the development of very eient
mass separators and solid state detetors has made possi-
ble to measure up many properties onerning the ground
state and the lowest lying exited states of many exoti,
neutron-rih light nulei. In partiular, the exploration of
both the N = 20 and N = 28 shell losures far from
stability has proven to be a rih soure of new phenom-
ena. Among the variety of available experimental data,
the most onvining evidene for a deformed ground state
in the region around N = 20 is found in the 32Mg nu-
leus where both the exitation energies of the lowest lying
2+[6℄ and 4+ [7℄ states and the B(E2, 0+ → 2+) transition
probability [8℄ have been measured. The low exitation en-
ergy of the 2+ state, the high value of the B(E2) transi-
tion probability and also the ratio E(4+1 )/E(2
+
1 ) = 2.6
are fairly ompatible with the expetations for a rota-
tional band. Additional evidene omes from the neigh-
boring isotope
34
Mg where the E(2+1 ) is only 0.66 MeV,
the B(E2, 0+ → 2+) is 631 e2fm2 and the E(4+1 )/E(2
+
1 )
ratio is 3.2, that is, the 0+1 , 2
+
1 and 4
+
1 satisfy all the re-
quirements to belong to a strongly deformed rotational
band [9,10℄.
From a theoretial point of view, the ground state of
32
Mg is spherial at the mean eld level. However, when
the zero point rotational energy orretion (ZPRE) stem-
ming from the restoration of the rotational symmetry is
onsidered, the energy landsape as a funtion of the quad-
rupole moment hanges dramatially and
32
Mg beomes
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deformed [3,11,12,13,14℄. A more areful analysis of the
energy landsape inluding the ZPRE orretion reveals
that, in fat, there are two oexistent ongurations (pro-
late and oblate) with similar energies indiating thereby
that onguration mixing of states with dierent quad-
rupole intrinsi deformation has to be onsidered. There-
fore, an Angular Momentum Projeted Generator Coordi-
nate Method (AMP-GCM) alulation with the quadru-
pole moment as olletive oordinate is alled for. We have
applied this method in Ref. [15℄ to the study of the nulei
30−34
Mg with the Gogny fore. We have obtained prolate
ground states for
32−34
Mg indiating that the N = 20
shell losure is not preserved for the Mg isotopes. More-
over, a good agreement with the experimental data for
the 2+ exitation energies and B(E2) transition probabil-
ities was obtained. The method has been used to study
quadrupole olletivity of the Si isotopes [16℄, the N=28
isotopes [17℄ as well as the superdeformed band in
32
S [18℄
with quite a good suess.
The purpose of this paper is to extend the AMP-GCM
alulations to the study of the Neon (two proton less than
Magnesium) isotopes from A=20 up to A=34. Contrary
to the Magnesium isotopi hain, the Neon neutron drip
line (N=22) is very lose to the neutron magi number
N=20 and therefore the study of the Neon isotopes is a
good testing ground to examine both the systemati of de-
formation and the possible erosion of the N=20 spherial
shell losure very lose to the neutron drip line. Another
interesting point is the study of the possible magiity of
N=16 suggested in reent analyses [19℄.
The paper is organized as follows: In setion 2 a brief
overview of the theoretial framework is presented. In se-
tion 3.1 the mean eld results are disussed. In the next
setion the eet of angular momentum projetion on the
mean eld observables is desribed. Finally, in setion 3.3
the results of the onguration mixing alulations are
presented and ompared to the experimental data and
other theoretial approahes. We end up with the on-
lusions in setion 4.
2 Theoretial framework
As mentioned in the introdution ours is a mean eld
based proedure where the underlying mean eld is deter-
mined rst and then additional orrelations beyond mean
eld are inluded. Those additional orrelations are han-
dled in the framework of the angular momentum pro-
jeted Generator Coordinate Method (AMP-GCM) with
the mass quadrupole moment as generating oordinate. As
we restrit ourselves to axially symmetri ongurations,
we use the following ansatz for the K = 0 AMP-GCM
wave funtions
∣∣ΦIσ〉 =
∫
dq20f
I
σ(q20)Pˆ
I
00 |ϕ(q20)〉 . (1)
For eah angular momentum I the dierent AMP-GCM
states (labelled by σ) are linear ombinations of the set
of angular momentum projeted intrinsi wave funtions
|ϕ(q20)〉 generated by solving the Hartree-Fok-Bogoliubov
(HFB) equation onstrained to yield the desired mass quad-
rupole moment q20 = 〈ϕ(q20)| z2 − 1/2(x2 + y2) |ϕ(q20)〉.
The intrinsi wave funtions are restrited to be axially
symmetri (i.e. K = 0) and are obtained by solving the
HFB equation with the Gogny interation [20℄ (D1S pa-
rameterization [21℄). The HFB equation is disretized by
expanding the quasipartile operators assoiated to the
intrinsi wave funtions |ϕ(q20)〉 in a Harmoni Osillator
(HO) basis ontaining eleven major shells and with equal
osillator lengths (in order to make the basis losed under
rotations [22℄). As we are dealing with quite light systems
we have to onsider the enter of mass problem. This is
handled by subtrating the enter of mass kineti energy
both in the alulation of the energy and in the HFB vari-
ational proedure. Finally, onerning the Coulomb inter-
ation, we have only taken into aount its ontribution to
the diret eld in the variational proedure. The exhange
Coulomb energy (omputed in the Slater approximation)
is added, in a perturbative fashion, at the end of the al-
ulation and the ontribution of the Coulomb interation
to the pairing energy is ompletely disregarded.
In order to obtain the angular momentum projeted
wave funtions we use the standard angular momentum
projetor operator restrited to K = 0 states [23℄
Pˆ I00 =
(2I + 1)
8pi2
∫
dΩdI00(β)e
−iαJˆze−iβJˆye−iγJˆz . (2)
Finally, the olletive amplitudes f Iσ(q20) as well as the
energies of the AMP-GCM states
∣∣ΦIσ〉 are obtained through
the solution of the Hill-Wheeler (HW) equation
∫
dq′20H
I(q20, q
′
20)f
I
σ(q
′
20) = E
I
σ
∫
dq′20N
I(q20, q
′
20)f
I
σ(q
′
20)
(3)
whih is given in terms of the projeted norm
N I(q20, q
′
20) = 〈ϕ(q20)| Pˆ
I
00 |ϕ(q
′
20)〉 (4)
and the projeted hamiltonian kernel
HI(q20, q
′
20) = 〈ϕ(q20)| HˆPˆ
I
00 |ϕ(q
′
20)〉 . (5)
As the generating states Pˆ I00 |ϕ(q20)〉 are not orthogonal,
the olletive amplitudes f Iσ(q20) annot be interpreted
as probability amplitudes. Instead, one usually introdue
[24℄ the olletive" wave funtions
gIσ(q20) =
∫
dq′20f
I
σ(q
′
20)
(
N I(q20, q
′
20)
∗
)1/2
(6)
whih are orthonormal
∫
dq20g
I
σ
∗
(q20)g
I′
σ′(q20) = δI,I′δσ,σ′
and therefore their module squared has the meaning of a
probability.
In order to readjust the partile number on the average
for the projeted wave funtions the Hamiltonian in Eq.
(5) has been replaed by Hˆ ′ = Hˆ−λn(Nˆ−N0)−λp(Zˆ−Z0)
where λn and λp are hemial potential parameters (see
Ref [25℄, and referenes therein).
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Fig. 1. In panels a) and d) the ground state HFB energies of
32,34
Ne are plotted as funtions of the HO length b0 (b⊥ = bz = b0)
for the Nshell = 8, 9, 10, 11, 12, 13 and 17 bases. The urve orresponding to the basis used in the present work (Nshell = 11) is
plotted as a dashed line. In panels b) and e) the HFB energies of
32,34
Ne omputed with b0 = 2.1fm and Nshell = 11(full line)
and Nshell = 12 (dashed line) are plotted as funtions of the quadrupole moment. In panels ) and f), the energy dierenes
between Nshell = 11 and Nshell = 12 alulations are plotted as funtions of the quadrupole moment.
The B(E2) transition probabilities are omputed using
the AMP-GCM wave funtions
B(E2, Ii → If ) =
e2
2Ii + 1
× (7)
∣∣∣∣
∫
dq20dq
′
20f
If∗
σf (q
′
20)〈If q
′
20 || Qˆ2 || Iiq20〉f
Ii
σi(q20)
∣∣∣∣
2
with
〈If q′20 || Qˆ2 || Iiq20〉
(2Ii + 1)(2If + 1)
=
∑
µ
(
Ii 2 If
−µ µ 0
)
×
∫ pi
2
0
dβ sinβdIi
−µ,0(β)〈ϕ(q
′
20) | Qˆ2µe
−iβJˆy | ϕ(q20)〉
where the indies i and f stand for the initial and nal
states and Qˆ2µ are the harge quadrupole moment op-
erators. As we are using the full onguration spae no
eetive harges are needed. Further details on the om-
putational proedure an be found in Ref [25℄.
3 Disussion of the results
3.1 Mean eld approximation.
Before disussing the mean eld results, the onvergene of
our alulations with the size of the Harmoni Osillator
(HO) basis used to disretize the HFB equation has to
be tested as we are dealing with near drip-line nulei like
32,34
Ne. First, one should note that, due to the proximity
of the drip-line, the full HFB approximation must be used
[26,27℄. It is also evident that absolute onvergene for the
binding energies an only be attained for HO basis with an
innity number of shells (Nshell). However, it is expeted
that other physial observables like exitation energies,
transition probabilities, et an be aurately desribed
with a nite number of shells.
In order to determine how many shells are needed for
an aurate desription of the physial observables we have
rst studied the behavior of the HFB energy as a funtion
of the osillator length parameter b0 (b⊥ = bz = b0) and
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the number of shells for the nulei
32
Ne and
34
Ne. The re-
sults are plotted in panels a) and d) of Fig. 1. As expeted
the urves beome more and more at for inreasing val-
ues of Nshell and already the Nshell = 17 basis an be
onsidered as a good approximation for an innite basis
in both isotopes as the dependene of the energies on the
osillator length is very weak for a wide range of b0 val-
ues. However, Nshell = 17 makes the HO basis too big
for our purposes as we have to evaluate the AMP-GCM
hamiltonian kernel whih is a quantity requiring two or-
ders of magnitude more omputing time than the whole
HFB alulation. We have found that Nshell = 11 is a
good ompromise between auray and omputing time
as the energy still shows a weak dependeny on the os-
illator length around the minima loated at b0 = 2.1 fm
for both
32
Ne (panel a) and
34
Ne (panel d). As an exam-
ple of the adequay of the Nshell = 11 alulations let us
onsider the two neutron separation energy of
34
Ne. The
Nshell = 17 ground state energies for
32
Ne and
34
Ne are
403 keV and 420 keV lower than the Nshell = 11 energies
implying that the two neutron separation energy of
34
Ne
omputed with Nshell = 11 diers by 17 keV from the one
omputed with Nshell = 17.
In order to study the suitability of the Nshell = 11
basis for other nulear properties we have performed al-
ulations with Nshell = 12. The mean eld results for both
alulations are ompared on the right hand side panels of
Fig. 1. In panels b) and e) the energy landsapes of
32
Ne
and
34
Ne are shown as a funtion of the quadrupole mo-
ment for the Nshell = 11 and Nshell = 12 alulations. In
the upper panels ) and f) we have represented the energy
dierenes between both alulations. The onlusion is
that in the region −0.7b ≤ q20 ≤ 1.2b the shape of the
energy landsapes do not hange muh when the basis is
inreased from Nshell = 11 to Nshell = 12. As we will see
later on this is the range of q20 values where the olletive
dynamis is onentrated and therefore it is not expeted
to nd signiant dierenes between the Nshell = 11 and
Nshell = 12 results.
In Fig. 2 the mean eld potential energy surfaes (MF-
PES) are plotted as a funtion of the axially symmetri
quadrupole moment q20 for the even-even Neon isotopes
20−34
Ne. The MFPES shown do not inlude the Coulomb
exhange energy and they have been shifted to aommo-
date them in a single plot (see gure aption).
Both
20
Ne and
22
Ne are prolate deformed in their ground
states. In
20
Ne the prolate ground state orresponds to
q20 = 0.4b (β2 = 0.37) and an oblate loal minimum also
appears at q20 = −0.1b (β2 = −0.09) with an exitation
energy of 1.71 MeV. In the ase of 22Ne the ground state
orresponds to q20 = 0.5b (β2 = 0.40) and another loal
minimum is found at q20 = −0.2b (β2 = −0.17) with an
exitation energy of 2.24 MeV. The nuleus 24Ne is a lear
example, in the onsidered isotopi hain, of very strong
shape oexistene sine, while the oblate ground state is
loate at q20 = −0.3b (β2 = −0.22), a prolate isomeri
state is also found at q20 = 0.2b (β2 = 0.15) with an ex-
itation energy with respet to the oblate ground state
of 77 keV. On the other hand, the nulei
26−30
Ne show
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Fig. 2. Mean eld potential energy surfaes for the onsidered
Neon isotopes, plotted as a funtion of the axially symmetri
quadrupole moment. The urves have been shifted to show
them in a single plot. The orresponding energy shifts are given
in the plot.
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Fig. 3. In eah panel, proton (thik full lines) and neutron
(thik dashed lines) partile-partile energies −Epp are de-
pited as a funtion of the quadrupole moment. Also the energy
dierenes E
HFB
(q20)−Eg.s., where Eg.s. orresponds to the
ground state HFB onguration, are plotted as thin full lines.
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spherial ground states indiating that the N=20 shell lo-
sure is preserved at the mean eld level. The MFPES of
both
26,28
Ne are partiularly at around their spherial
ground states. In the nuleus
30
Ne we obtain a prolate
shoulder at q20 = 0.8b (β2 = 0.37) at an exitation energy
of 2.70 MeV with respet to the spherial ground state.
This prolate shoulder is around 1 MeV higher than the
one found in similar HFB alulations in
32
Mg (see for ex-
ample [15℄). In the drip-line systems
32
Ne and
34
Ne, pro-
late deformed ground states are found. The ground states
have q20 = 0.6b (β2 = 0.26) and q20 = 0.8b (β2 = 0.31),
respetively. In addition, an oblate isomeri state is found
in
34
Ne at q20 = −0.3b (β2 = −0.12) with an exitation
energy of 2.39 MeV with respet to the prolate ground
state.
Another interesting point onerns the stability of the
Ne isotopes against neutron emission. From the absolute
minimum of the MFPES' depited in Fig. 2 (the one of
30
Ne is marked with a horizontal line) it an be dedued
that
32
Ne is not stable against two neutron emission. This
is in lear ontradition with the experimental results as
they indiate that
32
Ne is indeed stable against two neu-
tron emission [28,29,30℄. On the other hand, the nuleus
34
Ne is slightly stable against two neutron emission, but
it is not against four neutron emission.
In Fig. 3 the proton and neutron partile-partile or-
relation energies−Epp =
1
2
Tr (∆κ∗), whih are ommonly
used to disuss pairing orrelations (see for example Refs.
[20,31℄), are plotted as a funtion of the quadrupole de-
formation for all the isotopes onsidered. The evolution of
the partile-partile orrelation energies is well orrelated
with the strutures found in the MFPES. Non-zero proton
pairing orrelations are found in all the spherial or oblate
minima. In addition, sizeable neutron pairing orrelations
are found in
20,22
Ne and
32,34
Ne for the spherial and the
oblate minima. Vanishing proton pairing orrelations are
found in the prolate side in a window starting at 0.5b and
ending in 1.0 b in
20
Ne. For the other isotopes the start-
ing and ending points inrease with the neutron number.
Neutron pairing orrelations vanish in the ground states
of both
26
Ne and
30
Ne. In the later ase this is a onse-
quene of the N=20 shell losure found at the mean eld
level.
It should be stressed here that the unphysial ollapse
of pairing orrelations found in Fig. 3 is an indiation that
one should also onsider in these isotopes dynamial pair-
ing orrelations and their oupling to the quadrupole de-
gree of freedom in the sope of a formalism beyond the
mean eld in order to treat them in an equal footing.
However, this multidimensional onguration mixing al-
ulation is a umbersome task with the present-day om-
putational failities.
3.2 Correlations beyond the mean eld: Angular
momentum projetion.
Before onsidering the full AMP-GCM it is instrutive to
look into the angular momentum projeted energy sur-
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Fig. 4. Angular momentum projeted potential energy sur-
faes (full lines) for the nulei
20−34
Ne and for the spin values
Ipi = 0+, 2+, 4+and 6+, plotted as a funtion of the axially
symmetri quadrupole moment q20. The mean eld potential
energy surfaes are also plotted as lines with boxes. In eah
nuleus, the energies are referred to the energy of the Ipi = 0+
ground state. For the nulei
32−34
Ne we have also inluded
(dashed lines) the projeted results orresponding to the al-
ulation with Nshell = 12.
faes (AMPPES) dened as
EI(q20) =
HI(q20, q20)
N I(q20, q20)
(8)
and shown in Fig. 4 for the nulei
20−34
Ne and I = 0, 2,
4, and 6. The orresponding mean eld energy landsapes
(dashed urves with boxes) are also inluded for ompari-
son. For details on the missing points in the I = 2, 4 and 6
urves refer to [25℄. The most remarkable fat about Fig.
4 is how strongly the restoration of the rotational sym-
metry modies the mean eld piture of the I = 0 on-
gurations. Contrary to the mean eld ase, two minima,
one prolate and the other oblate, are obtained for all the
Neon isotopes for Ipi = 0+. The prolate minimum is, with
the exeption of
24
Ne, the absolute minimum in all the
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Fig. 5. A omparison of the angular momentum projeted
energies of the
30
Ne and
32
Mg nulei as funtions of the quad-
rupole moment for Ipi = 0+and 2+(referred to the Ipi =
0+absolute minimum in eah nuleus).
isotopes onsidered. For inreasing spin values either the
energy dierene between the prolate and oblate minima
inreases or the oblate minimum is washed out.
The nuleus
24
Ne, with its Ipi = 0+ oblate ground
state is the exeption in all the Neon isotopes studied.
The orbital responsible for suh an oblate minimum is
the neutron d 5
2
orbital whih beomes fully oupied in
this nuleus and favors oblate deformations. The absolute
minimum remains oblate for Ipi = 2+ but already at Ipi =
4+ it beomes prolate deformed.
In addition, shape oexistene is expeted in the nulei
26
Ne,
28
Ne and
30
Ne as their Ipi = 0+ prolate and oblate
minima are very lose in energy (414, 577 and 936 keV, re-
spetively). These minima are separated by barriers whih
are 2.4, 2.2 and 1.3 MeV high, respetively.
Finally, it is also worth to ompare the intrinsi quad-
rupole deformation of the ground state of
30
Ne with the
one of
32
Mg [14℄. In Fig. 5 we have plotted the Ipi = 0+
and 2+ AMPPES for both 30Ne and 32Mg. From this plot
we onlude that the absolute minimum of the Ipi = 0+
AMPPES in
30
Ne has half the deformation of the or-
responding minimum in
32
Mg. On the other hand, the
Ipi = 2+ deformations are pratially idential. From this
results one may expet, as is the ase, very similar spe-
trosopi quadrupole moments for the rst 2+ states in
30
Ne and
32
Mg and a redution of the B(E2) transition
probability in
30
Ne as ompared to the one of
32
Mg.
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Fig. 6. Band diagrams for the nulei
20−34
Ne obtained by
solving the Hill-Wheeler equation of the AMPGCM. The I = 0
AMPPES are also plotted to guide the eye. See text for further
details.
3.3 Correlations beyond the mean eld: Angular
momentum projetion and onguration mixing.
The AMPPES of the previous subsetion show for some
nulei and/or some spin values the phenomenon of shape
oexistene and therefore onguration mixing has to be
onsidered in order to gain a better understanding of the
struture of these states. We have onsidered onguration
mixing in the framework of the Angular Momentum Pro-
jeted Generator Coordinate Method (AMP-GCM) de-
sribed in setion 2. The intrinsi axial quadrupole mo-
ment q20 with values in the range −1.5b ≤ q20 ≤ 2.5b
and with a mesh size ∆q20 of 10fm
2
has been hosen as
generating oordinate.
In Fig. 6 we have plotted the AMP-GCM energies EIσ
obtained by solving the Hill-Wheeler equation and plaed
them along the q20-axis aording to their average intrin-
si quadrupole moment" dened as
qI,σ20 =
∫
dq20 | g
I
σ(q20) |
2 q20 (9)
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Fig. 7. Colletive wave funtions squared for the ground states (σ = 1) and the spin values Ipi = 0+, 2+, 4+and 6+ of the nulei
20−34
Ne. The orresponding projeted energy urve is also plotted for eah spin value. The y−axis sales are in energy units
and always span an energy interval of 13 MeV (minor tiks are 0.5 MeV apart). The olletive wave funtions have also been
plotted against the energy sale after proper saling and shifting, that is, the quantity EIσ + 15× | g
I
σ(q20) |
2
is the one atually
plotted. With this hoie of the sales we an read from the gure the energy gain due to quadrupole utuations by onsidering
the position of the wave funtions' tail relative to the projeted urve.
In this gure we have also plotted the Ipi = 0+ AMPPES
to guide the eye. The rst notieable fat is that the or-
related 0+ ground states have a lower energy than the ab-
solute minimum of the orresponding AMPPES. This en-
ergy gain due to the quadrupole orrelations inreases the
binding energies and an be relevant for a proper desrip-
tion of the two neutron separation energies. The seond
prominent feature is that onguration mixing dereases
the deformation of the 0+1 ground states with respet to
the minimum of the AMPPES. The ground states of the
nulei
24
Ne and
26
Ne beome spherial whereas the ones
of
28
Ne and
30
Ne beome weakly deformed. The other
nulei remain well deformed in their ground states and
develop a rather well dened rotational band up to the
maximum spin onsidered for σ = 1. In addition, a well
dened rotational band is obtained for I ≥ 2 in 30Ne.
On the other hand, the exited states (σ = 2) only show
a rotational band pattern for those nulei well deformed
in their ground state. Another interesting point onerns
the energy gain due to onguration mixing of the ground
state: it is 0.6 MeV for
20
Ne, inreases up to 0.9 MeV for
24
Ne and
26
Ne and then monotonially dereases up to
0.55 MeV in
34
Ne. The energy gain is orrelated with the
shape of the AMPPES for I=0, namely, if the AMPPES
shows a well dened minimum the energy gain is smaller
than in the ase where the minimum is broader.
To gain a deeper insight into the intrinsi struture
of the AMP-GCM sates the ground band (σ = 1) ol-
letive wave funtions squared | gIσ(q20) |
2
are plotted in
Fig. 7 along with the orresponding AMPPES. For
20
Ne
and
22
Ne the ground state olletive wave funtions are
well inside the prolate wells indiating that both systems
are dominated by prolate deformations in the onsidered
spin range. The average deformation values are 0.39b,
0.58b, 0.59b and 0.58b for the 0+1 , 2
+
1 , 4
+
1 and 6
+
1 states
in
20
Ne, while the orresponding values in
22
Ne are 0.39b,
0.56b, 0.61b and 0.63b. In the nuleus
24
Ne, the ongu-
ration mixing alulation provides a spherial 0+1 instead
of the oblate absolute minimum found in its AMPPES.
An almost spherial 2+1 state (q
I=2,σ=1
20 = −0.08b) is also
found in this nuleus. On the other hand, a band ross-
ing takes plae for the state 4+1 and the olletive wave
funtion beomes prolate deformed with qI=4,σ=120 = 0.39b
and qI=6,σ=120 = 0.79b. Similar results have reently been
found [25℄ in the N = 14 system 26Mg. The experimental
spetrosopi quadrupole moment of the lowest 2+ state
in
26
Mg is -13.5 efm2 [32℄ indiating that this is a pro-
late state. However, the low exitation energy of the 0+2
in
26
Mg (3.588 MeV) ompared with the same quantity in
24
Mg (6.432 MeV) learly indiates strong shape oexis-
tene between oblate and prolate solutions. Unlike
26
Mg,
there is not experimental information onerning the spe-
trosopi quadrupole moment of the lowest 2+ state in
24
Ne but again the experimental exitation energies of
the 0+2 in
24
Ne and
26
Ne (4.764 MeV and 3.691 MeV,
respetively) are signiantly lower than the 6.235 MeV
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Table 1. Ground state spetrosopi quadrupole moments
Qspec(I, σ = 1) in efm2 for Ipi = 2+, 4+ and 6+ in the nu-
lei
20−34
Ne. Experimental data [32,34℄ are shown in boldfae
whereas Shell Model results [35,36℄ are shown in brakets. For
details see the main text.
I
20
Ne
22
Ne
24
Ne
26
Ne
2 -16.75 -14.64 2.02 -7.88
-23 -17 (-2.77) (-10.56)
4 -21.52 -21.03 -11.62 -16.98
6 -23.29 -23.01 -27.01 -28.78
I
28
Ne
30
Ne
32
Ne
34
Ne
2 -10.05 -15.80 -17.49 -15.81
(-17.8) (-16.40) (-20.00) (-16.56)
4 -26.11 -22.21 -22.25 -21.38
6 -29.83 -24.82 -26.23 -23.52
measured in
22
Ne [32,33℄ pointing towards a strong shape
oexistene in the ground state of the former nulei. Our
results predit a strong shape oexistene for the 0+1 and
2+1 states in
24
Ne as well as for the 0+1 states in
26
Ne and
28
Ne that manifest itself in the 0+2 exitation energies of
3.509 and 3.005 MeV for
24,26
Ne, respetively.
The 0+1 wave funtions in both
26
Ne and
28
Ne show a
great admixture of prolate and oblate ongurations that
leads to spherial ground states on the average. On the
other hand, for Ipi ≥ 2+ the olletive wave funtions in
these two nulei beome prolate deformed with deforma-
tion values of 0.34b, 0.59b and 0.94b for the states 2+1 , 4
+
1
and 6+1 in
26
Ne while the orresponding values in
28
Ne are
0.26b, 0.93b and 1.04b. Our results do not fully support
the suggestion of [19℄ onerning the magiity of N=16
in neutron rih light nulei. It is true that
26
Ne has a
spherial ground state, but the deformation of the 2+1 is
too strong as to be onsidered a vibrational state. Similar
results are also found in Ref. [25℄ for the N=16 nuleus
28
Mg.
The 0+1 wave funtion in
30
Ne also shows a signiant
admixture of the oblate and prolate ongurations and,
as a onsequene, the deformation in the ground state is
redued to 0.16 b that represents one third of the value
orresponding to the absolute minimum in the Ipi = 0+
AMPPES. This learly shows that, as in
32
Mg [13,15,25℄,
the deformation eets in
30
Ne are the result of a sub-
tle balane between the zero point orretions assoiated
with the restoration of the rotational symmetry and the
utuations in the olletive parameters (in our ase the
axially symmetri quadrupole moment). From the om-
parison with the value of qI=0,σ=120 = 0.43 b already found
[15,25℄ in
32
Mg we onlude that dynamial deformation
eets are strongly suppressed in
30
Ne as ould have been
foreasted from the dierent AMPPES topology we have
already seen in Fig.5. On the other hand, the 2+1 , 4
+
1 and
6+1 wave funtions in
30
Ne are inside the prolate wells and
the average deformations of 0.83b, 0.93b and 0.94b are
very lose to the ones found in
32
Mg.
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Fig. 8. The two neutron separation energies obtained with the
dierent approximations onsidered in this paper are ompared
to experimental values taken from Ref. [37,38℄. and the QMCD
results of Ref. [39,40℄
In both
32
Ne and
34
Ne, the ground state olletive
wave funtions beome prolate. The dynamial deforma-
tion values for the 0+1 , 2
+
1 , 4
+
1 and 6
+
1 in
32
Ne are 0.42b,
0.90b, 0.98b, 1.05b while the orresponding values in
32
Ne
are 0.69b, 0.94b, 0.99b and 1.0b. All these values show
the stability of deformation eets in Neon isotopes as we
move towards the drip-line.
Here we will make a few omments on the AMP-GCM
results in the nulei
32
Ne and
34
Ne when the basis is in-
reased from NShell = 11 to NShell = 12. The eet on
the projeted energy landsapes an be seen in the or-
responding panels of Fig. 4 where NShell = 12 urves are
plotted as dashed lines. The results with NShell = 12 and
NShell = 11 only show very small dierenes at large abso-
lute values of q20. On the other hand, in the region of phys-
ial signiane (−.7b ≤ q20 ≤ 1.2b) the results are pra-
tially indistinguishable. Sine this range of q20 values is
the one where the olletive dynamis is onentrated (i.e,
the tails of the olletive wave funtions go to zero outside
this range) we do not expet big hanges in the exitation
energies. For the
32
Ne nuleus, it turns out that the ex-
itation energies of all the members of the ground state
rotational band obtained in the NShell = 12 alulation
are around 7 keV higher than the ones in the NShell = 11
ase, i.e., only the 0+1 state has been pushed down. For
34
Ne the average shift is 6 keV. As a onsequene, the
transition gamma ray energies remain unaltered by the
inrease of the basis size. On the other hand, the exita-
tion energies (with respet to the true ground state) of
the members of the exited rotational band derease on
the average 40 keV in
32
Ne and 32 keV in
34
Ne and there-
fore, as in the previous ase, the intra-band gamma ray
energies remain the same. From these results we onlude
that our alulations are well onverged in terms of the
basis size.
Coming bak to the disussion of our results, in Ta-
ble 1 we present our results for the ground band spe-
trosopi quadrupole moments. A very good agreement is
observed between the alulated spetrosopi values of
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Fig. 9. On the left panel the experimental values [33,32,41,42,43,44℄ of the B(E2, 0+1 → 2
+
1 ) transition probabilities are
ompared to our preditions and other theoretial results [39,40℄. On the right panel, the same omparison is made for the 2+1
and 4+1 exitation energies.
the 2+1 states in
20
Ne and
22
Ne and the experimental val-
ues (shown in boldfae) for these nulei whih are -23 efm2
[34℄ and -17 efm2 [32℄, respetively. In addition, our results
are onsistent with the Shell Model preditions (shown in
brakets) for the spetrosopi quadrupole moments of the
2+1 states [35,36℄. Obviously, the disrepanies are larger
for the shape oexistent nulei
24−28
Ne, It is also worth
mentioning here that the value obtained for the spetro-
sopi quadrupole moment of the 2+1 state in
30
Ne (-15.80
efm2) is only slightly smaller than the similar quantity in
32
Mg (-19.50 efm2).
In Fig. 8 we ompare the results of the AMP-GCM two
neutron separation energies S2N = E0+
1
(N − 2)−E
0
+
1
(N)
with the orresponding mean eld results (see subsetion
3.1) and also with the available experimental values taken
from Ref. [37,38℄. The AMP-GCM improves the S2N of
26
Ne as ompared to the mean eld results and also makes
bound (unlike the mean eld predition) the nuleus
32
Ne
in good agreement with the experimental results [28,29,
30℄. On the other hand, the nuleus
34
Ne beomes unstable
against two neutron emission in the AMP-GCM approah.
Our results are very similar to the ones predited in the
framework of the QMCD [39,40℄ speially around N = 20
but we dier in the predition onerning
34
Ne. Finally, it
is worth mentioning that the AMP-GCM binding energy
is the sum of the mean eld binding energy of the intrin-
si state plus the energy gain due to the restoration of
the rotational symmetry plus the energy gain due to the
onguration mixing. Therefore, the dierenes in S2N ob-
tained in the AMP-GCM and the mean eld are due to
the last two ontributions. The analysis of those ontri-
butions shows that the rotational energy orretion is the
main responsible for the dierenes observed in S2N and
therefore is the ingredient needed to make
32
Ne stable.
In Fig. 9 the exitation energies of the 2+1 and 4
+
1 states
and the B(E2, 0+1 → 2
+
1 ) transition probabilities obtained
in the AMP-GCM are ompared with the available exper-
imental values and also with the preditions of the QMCD
[39,40℄. Conerning the B(E2, 0+1 → 2
+
1 ) transition prob-
abilities we learly see, from panel a), that the agreement
with the available experimental data [33,32,41,42,43,44℄
is rather satisfatory and in most ases (with the exep-
tion of
26
Ne where our predition appears a little bit low)
our results stay within the experimental error bars. On
the other hand, our results are also onsistent with the
preditions of the QMCD [39,40℄. Our results although
not as good as the QMCD ones, are very satisfatory on-
sidering that the parameters of the Gogny fore have not
been tted to the region and/or the physis of quadrupole
olletivity and also that no eetive harges have been
used in our alulations of the transition probabilities.
Our results for the 2+1 exitation energies agree well
with the experiment in
20
Ne and
22
Ne [33,32℄ and also
with the theoretial result of Otsuka in
34
Ne. For the
other isotopes our 2+exitation energies are always higher
than experiment and the QMCD preditions. The same
happens for the 4+ exitation energies. The disagreement
between our results and the experiment (or the QMCD
preditions) an be attributed to the fat that the nu-
lei involved are nie examples of shape oexistene. In
the presene of shape oexistene the quadrupole degree
of freedom probably is not enough to desribe aurately
the observables and other degrees of freedom like triaxi-
ality or pairing utuations should be inluded. However,
and based on the nie agreement between our eletromag-
neti transition probabilities and the experimental ones,
we an onlude that the quadrupole degree of freedom is
the main ingredient in the physial piture of the neutron
rih Neon isotopes.
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4 Conlusions
We have performed angular momentum projeted Genera-
tor Coordinate Method alulations with the Gogny inter-
ation D1S and the mass quadrupole moment as generat-
ing oordinate in order to desribe quadrupole olletivity
in the even-even nulei
20−34
Ne. The lighter isotopes
20
Ne
and
22
Ne as well as the heavier ones
32
Ne and
34
Ne are well
deformed in their ground states whereas the other isotopes
are either spherial (
24
Ne and
26
Ne) or slightly deformed
like
28
Ne and
30
Ne. The later isotope is less deformed in
its ground state than its isotone
32
Mg. The two neutron
separation energies ompare well with experimental data
and show that
32
Ne is bound. Moreover, the B(E2) tran-
sition probabilities from the ground state to the 2+ state
are well reprodued in all the ases. Only the 2+ exitation
energies ome too high as ompared to the experiment for
the shape oexistent isotopes.
This work has been supported in part by the DGI, Ministerio
de Cienia y Tenología (Spain) under projet BFM2001-0184.
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